Ca2+ release in directly stimulated diaphragm muscles of mice was found to be dependent on external Ca2+, using the intracellular Ca2+ aequorin luminescence transient technique. The Ca2+ mobilization into the cells may operate via a voltage and external Ca2+-dependent mechanism, and via a caffeine and external Ca2+-independent one, from the Ca2+ pools in plasma membranes or in the terminal cisternae of sarcoplasmic reticulum.
Transmitter-induced calcium entry across the post synaptic membranes is known to be one of the first steps of calcium mobili zation in skeletal muscles (1) . Involvement of depolarization-induced calcium mobilization, however, is still uncertain in the process after the depolarization of the T-tube linking to the terminal cisternae of sarcoplasmic reticulum. There are some reports showing that it is possible for external Ca2+ to regulate exci tation-contraction coupling (2, 3) . Further more, the presence in skeletal muscles of membrane-associated Ca2+ whose physio logical role is not understood has been reported (4). Electrically evoked-action potentials and twitch tensions are insensitive to external Ca 2', because external zero Ca2+ hardly affects the action potentials and twitch tensions (5, 6). Slow calcium channels are present in tonic and twitch muscles. Twitch muscle fibers of the frog generate Ca2+-dependent action potentials with a slow time course only when K+ outward currents are blocked with TEA and the CI shunt is eliminated by replacing CI with an impermeant anion (7). Following dener vation, skeletal muscle develops action potentials that are resistant even to high concentrations of tetrodotoxin (8). The existence of slow and fast Ca2+ channels in cultured skeletal muscle cells has also been reported (9). In normal skeletal muscles, external Ca dependence has scarcely been reported on intracellular Ca mobilization as above.
We Upper and lower traces demonstrate Ca 2t aequorin luminescence and stimulation voltage, respectively.
Ca 2+-related aequorin luminescence was measured as follows: Twice-distilled water was passed through a Chelex-100 (Bio Rad Laboratories, 50-100 mesh) column which had been previously washed with 0.1 N HCI and neu tralized with 0.1 N KOH. Aequorin (Mayo Clinic) was dissolved in the prepared water containing 150 mM KCI, 5 mM HEPES (pH 7.45), and 10 pM EDTA. The aequorin solution (1 mg ml-1) was then passed through a Millipore filter (0.05 pm) and then stored in polyethylene vessels at 4'C. One percent dimethylpolysiloxane (Fuji System) in Ca2+-free distilled water was passed through a 0.5-pm Millipore filter. In this silicone fluid, a glass capillary, 2 mm in diameter, with a fine glass filament core was im mersed; and after being dried, the capillary was drawn with a microelectrode puller. The micropipettes had a resistance of about 10-30 M2 when filled with 3 M KCI. One microliter of the aequorin solution was drawn into an unfilled micropipette, which was then checked under a microscope for generation of aequorin luminescence during injection of the aequorin solution into a 100 pM Ca 2+ solution by applying a pressure of 3-6 atm from a nitrogen tank to the micropipette.
Then a platinum wire was inserted into the micropipette to make electrical contact with the aequorin solution.
Penetration of the capillary micropipette into muscle fibers was assessed by measuring the membrane potential. The aequorin solution was then injected through the micropipette into the myoplasm once or twice per fiber in the muscle area of 1 mm-diameter. Usually, 40-50 fibers of a diaphragm muscle segment were loaded with aequorin.
Pressure pulses of 3-6 atm (nitrogen gas) with a duration of 2 sec were applied by using 2 pressure valves (Asco, J262D23) operated electromagnetically.
The aequorin luminescence for the injected area (about 1 mm in diameter) was measured with a photon counter (slightly modified Model C767, Hamamatsu Photonics) and a photomultiplier tube (Model R464, Hamamatsu Photonics) attached to an acrylic optical fiber (3-mm diameter, Ryo-mi Plastics). The end of this optical fiber was immersed in the nutrient solution and placed close to the aequorin-injected area. The distance between the end of the optical fiber and the preparation was 0.5 mm. The open gate time of the photon counter was set at 10 msec and the closed gate time set at 20 psec. The averager was not used because of high light gathering efficiency.
were applied to a 1 mm wide area in the muscle segment for 5 msec at a frequency of 0.1 Hz, where one end of the muscle segment was passed through holes in two Ag-AgCl plates placed 1 mm apart. Ca 2+ aequorin transients were measured as described in the legend for Fig. 1 (10) Data are shown as the mean+S.E.M., except (a). The observed number was n=3-6. reflected by both kinds of Ca2+ which were fluxed from the extracellular side into the plasma membrane and intracellularly released. Ca2+-free solution and Ca antagonists may, therefore, lead to the depression of aequorin signals. These results indicate that voltage dependent Ca 21 influx is accompanied by intracellular Ca2+ release from the Ca2+ pools in plasma membranes.
To study the intermediation by intra cellular cytosolic Ca2+ on the above effects, EGTA solutions (5 and 20 fM) were injected by one shot (3-6 atm) into each of 40-50 muscle fibers with the aequorin solution before the external Ca2+-free treatment. The decrease in Ca2+ transients caused by external Ca2+-free medium was more clearly revealed after EGTA treatment. This effect was concentration-dependent (from 5 to 20 ,uM of EGTA) as shown in Fig. 2 a and 
